A method is described which permits the determination of the frequency of modified restriction endonuclease sites in tandem arrays of repeating sequences using the Southern transfer procedure.
INTRODUCTION
Slack L^] and Southern |_2J have described a method for calculating the frequency of uncleaved restriction enzyme sites in repeated DNAs, from which the sequence heterogeneity at a given site may be calculated. This method relies on the fact that ethidium bromide fluorescence from a band of DNA in an agarose gel is proportional to the mass of DIMA in that band. Thus photography and microdensitometry allow quantitation of relative DNA amounts.
It is often convenient to examine tandemly repeating DNA sequences by the method of hybridization to Southern blots 1.3]. Unfortunately it is not possible to make estimates of sequence heterogeneity from Southern blots because the efficiency of transfer of different size classes of DNA from agarose gels to nitrocellulose filters is not constant. The intensity of a band an such an autoradiograph is not solely a function of DNA amount in the gel. This paper describes an extension of the method of Slack and Southern which facilitates the measurement of the frequency distribution of restriction enzyme sites from autoradiographs of Southern blots. The filters had been preuashed in the same solution at 65 for four hours.
After hybridization the filters were washed for four hours in 2xSSC, 0.1% SDS at 65 C, dried and autoradiogfaphed. Autoradiographic conditions are described in the text.
Microdensitometry
This uas performed using a Joyce-Label microdensitameter. Peak areas were estimated as the product of peak height and width at half heights.
Linearity of peak area vs DNA amount was checked by comparing the peak areas of the marker DNA fragments. 
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This relationship can also be derived from equation 7.15 of the theory of Runs [11] . If the total number of repeating sequences in size class rj is X then the standard deviation of X is approximately X .
Equation 1 is the basis of the method described here. Consider two restriction enzyme digests, one partial and one terminal. Let the fraction of repeating sequences cleaved in the partial and terminal digests be p and t respectively. We can nou write:
The ratio F ,/F (or R) can be calculated from autoradiographs. nt np (Short exposures are best). If loading errors are minimised then the intensity of the n-mer band in the terminal digest divided by the intensity of the n-mer band in the partial digest is equal to the ratio R. This is because the transfer efficiency of DIMA fragments of a given size class is the same in both digests. Consequently comparisons should only be made between digests run on the same gel.
If the ratio R is calculated for a number of size classes then it is possible to plot a graph of log R against (n-1) or data may be fitted to equation 6 by a linear regression analysis. The straight line which best fits these data has a slope m and intercept i from uhich the values of p and t may be calculated: i = 2 log (t/p) (7 m = log (1-t)/(1-p) (B Solving 7 and 8 for t gives:
This value of t may be substituted in eq 7 to give p.
If instead of a single pairuiise comparison, one terminal and n partial digests (of differing extents) are used then n estimates of t can be obtained which can be used to give an estimate of the uncertainty about t.
RESULTS

Test system
A test system was set up to check that the predictions of equation that between S3 and 95% of these C residues are methylated in the 5S gene Table 1 Comparison of Photographic and Autoradiographic results. cluster. The 5S repeating sequences uncleaved by Msp_I could have arisen from partial digestion, methylation of the C residue in the sequence CpC [13] , or from sequence heterogeneity. Analysis of cloned 55 DMA repeating sequences has not revealed any sequence heterogeneity at the Mspl site.
The Mspl digest in figure 2 shows minor fragments generated from a second Mspl site uithin the 5S repeat. This site was not detectably cleaved by Hpall.
DISCUSSION
The method outlined here permits the determination of the frequency distribution of restriction enzyme site modification in tandem arrays of repeating DNA sequences, using total DNA digests. This is particularly useful when the DNA of interest is not easily purified from total DNA. The method can also be used to check the extent of digestion of a eukaryotic DNA provided that a defined repeated DNA sequence clone is available. A check on the extent of digestion by this method should be more reliable than the common practice of adding exogenous (eg phage X ) DMA to a digest 
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Comparisons between complete and partial digests with one enzyme mould be more reliable in calculating the frequency of susceptible sites.
The most important limitation on the method is that the uncleaved restriction enzyme sites must be distributed independently of each other uithin the tandem array. This limitation also applies to the method of Slack and Southern and is easily revealed by a poor fit of the data to equation S.
